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Abstract
Objective:  This  study  describes  a  quantitative  and  qualitative  methodology  to  assess  hedonic
responses  to  sweet  stimulus  in  healthy  newborns.
Methods:  A  descriptive,  cross-sectional,  observational  study,  with  healthy  newborns  (up  to  24  h
of life),  between  37  and  42  gestational  weeks,  vaginally  born  and  breastfed  previously  to  all
tests. The  evaluation  of  the  newborns  reactions  was  performed  by  hedonic  facial  expression
analysis, characterized  by  facial  expressions  with  rhythmic  serial  tongue  protrusion  after  neutral
or sweet  solution  intake.  Initially,  1  mL  of  water  solution  was  provided  to  the  newborn,  followed
by a  1-minute  recording.  Afterwards,  the  same  amount  of  25%  sucrose  solution  was  provided,
performing a  second  recording.  The  concordance  between  researchers  was  analyzed  by  the
Bland--Altman  statistical  method.
Results:  A  total  of  100  newborns  (n  =  49  males,  n  =  51  females;  mean  lifetime  =  15  h  12  min  ±  6  h
29 min)  were  recorded  for  neutral  and  sucrose  solution  intake,  totaling  197  videos  (n  =  3  missing
in the  water  treatment).  These  videos  were  double-blind  analyzed  and  the  test  revealed  a  90%
concordance  between  the  two  trained  researchers,  in  relation  to  both  solutions.  The  intraclass
correlation  coefﬁcient  was  0.99  for  both  solutions,  with  a  signiﬁcant  increase  in  frequency  of
hedonic expressions  evoked  by  sucrose  solution  intake.
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Conclusions:  These  results  conﬁrm  that  the  proposed  method  has  an  efﬁcient  power  to  detect
signiﬁcant  differences  between  neutral  and  sucrose  stimuli.  In  conclusion,  this  evaluation
method of  hedonic  facial  reactions  in  newborns  reﬂects  the  response  to  a  speciﬁc  taste.
© 2016  Sociedade  Brasileira  de  Pediatria.  Published  by  Elsevier  Editora  Ltda.  This  is  an  open
access article  under  the  CC  BY-NC-ND  license  (http://creativecommons.org/licenses/by-nc-nd/
4.0/).
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Método  para  a  avaliac¸ão  de  reac¸ões faciais  hedônicas  em  recém-nascidos
Resumo
Objetivo:  Descrever  quantitativamente  e  qualitativamente  uma  metodologia  para  avaliar  as
respostas faciais  hedônicas,  em  recém-nascidos  saudáveis,  ao  estímulo  doce.
Métodos: Trata-se  de  um  estudo  descritivo,  transversal  e  observacional,  com  recém-nascidos
saudáveis  (com  até  24  horas  de  vida),  entre  37-42  semanas  gestacionais,  nascidos  por  parto
vaginal e  alimentados  previamente  aos  testes.  A  avaliac¸ão  das  reac¸ões  hedônicas  dos  recém-
nascidos foi  considerada  pelas  expressões  faciais  com  séries  rítmicas  de  protrusões  de  língua
após a  ingestão  de  soluc¸ão  neutra  ou  doce.  Inicialmente,  1  mL  de  soluc¸ão  neutra  (água)  foi
fornecida  para  o  recém-nascido,  seguido  de  uma  ﬁlmagem  de  1  minuto.  Sequencialmente,
a mesma  quantidade  de  soluc¸ão  de  sacarose  25%  foi  fornecida,  realizando-se  uma  segunda
gravac¸ão. A  concordância  entre  os  pesquisadores  foi  analisada  pelo  método  estatístico  de  Bland-
Altman.
Resultados:  Um  total  de  100  recém-nascidos  (n  =  49  do  sexo  masculino,  n  =  51  do  sexo  feminino,
tempo de  vida  média  =  15  h  12  min  ±  6  h  29  min)  foram  registrados  para  a  ingestão  de  soluc¸ão
neutra e  de  sacarose,  totalizando  197  vídeos  (n  =  3  perdas  para  o  tratamento  água).  Estes  vídeos
foram analisados  em  duplo-cego  e  o  teste  revelou  uma  concordância  de  90%,  para  ambas  as
soluc¸ões, entre  os  pesquisadores  treinados.  O  coeﬁciente  de  correlac¸ão  intraclasse  foi  de  0,99
para as  duas  substâncias,  com  um  aumento  signiﬁcativo  nas  frequências  das  expressões  faciais
hedônicas evocadas  pela  ingestão  de  sacarose.
Conclusões:  Estes  resultados  conﬁrmam  que  o  método  proposto  possui  poder  estatístico  eﬁ-
ciente para  detectar  diferenc¸as  entre  estímulos  neutros  e  sacarose.  Em  conclusão,  este  método
de avaliac¸ão  de  reac¸ões  faciais  hedônicas  em  recém-nascidos  reﬂete  a  resposta  para  um  gosto
especíﬁco.
© 2016  Sociedade  Brasileira  de  Pediatria.  Publicado  por  Elsevier  Editora  Ltda.  Este e´ um  artigo
Open Access  sob  uma  licenc¸a  CC  BY-NC-ND  (http://creativecommons.org/licenses/by-nc-nd/4.
0/).
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vidence  suggests  that  affective  reactions  reﬂect  the  qual-
ty  of  pleasant  or  unpleasant  events,  since  newborns  have
ssentially  two  patterns  of  facial  expressions  to  taste:  pos-
tive  emotional  reaction  --  hedonic,  or  negative  emotional
eaction  --  disgust.  The  sweet  taste  of  sugar  usually  draws
ositive  affective  patterns,  such  as  a  ‘‘nozzle’’  lip-shape
nd  a  rhythmic  series  of  tongue  protrusion  movements.
hese  movements  are  accompanied  by  relaxation  of  facial
uscles.1 Some  studies  have  reported  that  the  experience
f  a  taste  during  intrauterine  life  could  improve  the  accep-
ance  of  foods  with  the  same  taste  in  childhood.2--5 The
utomatic  responses  to  stimulus  can  be  innate,  such  as  in
weet  taste,6 and  may  change  during  the  course  of  life,
epending  on  the  type  of  in  utero  exposure,  among  other
actors  before  and  after  birth.2,7 The  child’s  facial  expres-
ion  resulting  from  a  sweet  taste  is  an  example  of  a positive
1,8ffective  reaction  behavior. In  addition,  hedonic  expres-
ions  reﬂect  the  activity  of  speciﬁc  mesolimbic  systems,9
hich  are  also  activated  after  visualization  of  tasty  foods.10
s  variations  in  this  circuit’s  responsiveness  may  predict  the
A
e
hisk  for  weight  gain,11 behavioral  alterations  could  also  indi-
ate  a risk  for  overeating  and/or  overweight  in  the  future.
There  are  different  methods  in  the  literature  to  evalu-
te  the  hedonic  responses  to  gustatory  stimuli  in  children.
n  the  early  1970s,  Steiner  was  the  pioneering  author  in
tudies  about  affective  reactivity  with  the  publication  of
llustrations  of  the  facial  reactions  in  newborns  evoked
y  the  sweet,  salty,  sour,  and  bitter  tastes.8,12 In  1976,
rook  and  Lipsitt  conducted  four  experiments  about  the
ffects  of  brief  intraoral  ﬂuid  stimulation  upon  the  non-
utritive  sucking  rhythm  of  newborns.13 Beauchamp  and
oran,  in  1982,  studied  the  sucrose  preference  at  birth
etermined  by  allowing  ad  libitum  consumption  of  sucrose
nd  water  solutions  during  brief  presentations,  according
o  the  dietary  record.6 Ganchrow  et  al.,  in  1983,  evalu-
ted  newborns’  facial  expressions  recorded  by  video  after
ral  stimulation  with  distilled  water  and  sucrose,  urea,  and
uinine  hydrochloride.14 In  1988,  Rosenstein  and  Oster  eval-
ated  videotaped  facial  expressions  based  on  the  Facial
ction  Coding  System  adapted  for  infants  (Baby  FACS)
voked  by  sucrose,  sodium  chloride,  citric  acid,  and  quinine
ydrochloride.15 In  1993,  Porges  and  Lipsitt  analyzed  the
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Newborn  facial  hedonic  methodology  assessment  
gustatory-vagal  hypothesis  regarding  neonatal  responsivity
to  gustatory  stimulation.16 In  this  sense,  taste  reactivity
research  demonstrated  that  sucrose  evoked  hedonic  pat-
terns  (e.g., lip  smacking  and  rhythmic  series  of  tongue
protrusion,  accompanied  by  relaxation  of  the  facial  mus-
cles  and  an  occasional  smile).1,17,18 Recently,  in  2015,  Zacche
Sa  et  al.  analyzed  facial  responses  to  basic  tastes  among
newborns  of  women  with  and  without  gestational  diabetes
mellitus.19 Some  of  these  studies  recorded  facial  expressions
through  ﬁlming  techniques,  allowing  a  precise  evaluation  of
the  frequency  of  hedonic  and  aversive  reactions,  as  well
as  its  duration.  Of  all  the  aforementioned  research,  some
of  these  investigations1,8,12,14--16,19 can  be  compared  to  the
present  manuscript.  However,  this  study  methodologically
resembles  only  that  of  Ganchrow  et  al.  in  1983,  with  a  larger
sample  size.14 It  is  noteworthy  that  in  all  these  comparative
studies,  there  was  no  report  of  statistical  analysis  between
the  two  researchers.  In  this  sense,  this  research  aimed  to
describe  a  quantitative  and  qualitative  methodology  able  to
assess  the  hedonic  responses  to  sweet  stimulus  in  healthy
newborns  analyzed  by  double-blinded,  trained  researchers,
using  the  Bland--Altman  statistical  method.
Methods
This  was  a  cross-sectional,  observational  study,  presenting  a
descriptive  manuscript  focusing  on  an  adapted  method  from
studies  by  Berridge,  Steiner,  and  Ganchrow1,14,17 to  assess
the  facial  reactions  to  sweet  taste  in  newborns.  Data  was
collected  from  November  2010  to  May  2012,  in  a  hospital
(Grupo  Hospitalar  Conceic¸ão  --  GHC)  located  in  Porto  Alegre,
Rio  Grande  do  Sul,  Brazil,  which  assists  the  Uniﬁed  Health
System.
The  convenience  sample  included  only  healthy  newborns,
up  to  24  h  of  life,  at  37--42  gestational  weeks,  vaginally
delivered  and  breastfed  before  all  treatments.  Children  of
mothers  who  did  not  sign  the  informed  consent,  cases  of
maternal  diseases  (e.g., diabetes,  hypertension,  HIV),  and
newborns  who  were  not  exclusively  breastfed  were  excluded
from  sample.  Maternal  and  newborn  data  were  collected
from  medical  records  and  from  the  prenatal  child  health
handbook.
All  procedures  performed  in  this  study  involved  human
participants  and  were  in  accordance  to  the  ethical  stan-
dards  of  GHC  research  Ethics  Committee  and  to  the  Helsinki
Declaration  of  1964  and  its  later  amendments.
Hedonic  reactions  or  positive  emotional  facial
reactions
The  newborns’  positive  affective  facial  reaction  assessments
were  performed  by  hedonic  facial  expression  analysis,  char-
acterized  by  serial  and  rhythmic  tongue  protrusion  through
fresh  or  neutral  solution  intake.1,8,12
Initially,  1  mL  of  neutral  solution  (deionized  water)  was
provided  to  the  newborn,  followed  by  a  1  min  recording.
After  this  ﬁrst  recording,  a  second  ﬁlming  was  performed
after  1  mL  of  water  +  25%  sucrose  solution  was  adminis-
trated.  It  is  emphasized  that  the  neutral  solution  was
ﬁrst  provided  to  all  newborns,  and  that  sucrose  recor-
dings  were  performed  only  after  water  testing.  All  solutions
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ere  administrated  orally,  pressing  the  newborns’  masseter
uscle  lightly,  opening  their  mouths  and  allowing  adminis-
ration.  The  facial  expressions  were  recorded  continuously
hrough  1  min,  with  a  20-cm  distance  between  the  camera
nd  the  newborn,  under  natural  light  inside  the  hospital
oom.
A Cyber-Shot  DSC-S500  camera  (Sony
®
,  Tokyo,  Japan),
ith  6.0  mega  pixels  and  30  frames  per  second,  was  used  for
ecording  all  tests.  Newborns  were  placed  in  a comfortable
osition,  without  crying,  near  their  mothers.  Before  water
ecordings,  they  were  previously  breastfed.  After  the  tests,
others  were  oriented  toward  the  practice  of  newborn  oral
are,  as  well  as  encouraged  to  practice  exclusive  breast-
eeding  through  explanations  of  its  importance  and  beneﬁts
or  both  the  mother  and  the  baby.
olutions
eionized  water  was  used  as  a  neutral  solution  and  the
ucrose  solution  was  composed  of  1  mL  of  deionized  water
ontaining  0.25  g  of  sucrose  --  modiﬁed  from  Steiner  et  al.
n  2001  and  Ayres  et  al.  in  2012.1,20
Solutions  were  produced  by  a  compounding  pharmacy.
he  deionized  water  was  subjected  to  three  puriﬁcation  pro-
esses:  sediment  removal,  bacteria  elimination,  and  total
limination  of  micronutrients.  All  solutions  were  individu-
lly  packaged  in  a  bottle  dropper;  labeled  with  the  name
f  the  solution,  quantity,  and  expiry  date;  and  ﬁnally  sealed
nd  individually  wrapped  in  a  plastic  bag.  These  solutions
ere  produced  daily  and  delivered  on  the  same  morning,
ince  data  collection  was  performed  in  the  afternoons.  In
his  interval,  all  solutions  were  kept  under  refrigeration  at
--8 ◦C,  as  their  validity  was  restricted  to  24  h  after  prepara-
ion.  If  not  used  during  this  period,  solutions  were  discarded.
ll  recipients  were  opened  in  the  presence  of  the  mother,
mmediately  prior  to  the  testing  moment.  At  the  testing
ime,  they  were  kept  at  room  temperature  (between  15 ◦C
nd  25 ◦C).
ideo  analysis
ll  1-minute  videos  were  ﬁrstly  analyzed  at  a  normal  speed
y  two  trained  researchers,  to  verify  whether  there  were
edonic  facial  expressions  during  the  one-minute  recording.
ater,  all  records  were  evaluated  frame-by-frame  using  Win-
ows  Media  Player  software  (Microsoft
®
,  WA,  USA),  slowing
he  speed  to  better  detect  hedonic  facial  expressions.  Every
econd  was  composed  of  30  frames,  totalling  1800  frames
er  60  seconds.  The  frequency  of  facial  reactions  in  2-s
ntervals  was  recorded  for  1  min  of  continuous  shooting.
acial  expressions  representing  hedonic  reactions  or  posi-
ive  affective  reactions  were  considered.  For  example,  for
ach  hedonic  facial  expression  or  tongue  protrusion,  a  fre-
uency  was  registered.  For  the  analysis  of  these  results,  the
ums  of  all  60-s  records  were  calculated.1,17
Hedonic  reactions  were  characterized  by  facial  expres-
ions  such  as  lip  suctions  and  rhythmic  tongue-protrusion
ovements.8 Videos  were  analyzed  by  two  double-blinded,
rained  researchers,  both  trained  by  another  researcher  who
ad  already  used  this  technique.
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Figure  1  Newborn  facial  expressions  to  neutral  (water,  A)  and  (B)  sucrose  solutions.  (A)  Characteristic  newborn  facial  expression  to
neutral solution  (water).  (B)  Characteristic  newborn  facial  expression  to  sucrose  solution,  exhibiting  tongue  protrusions  (designated
as hedonic  reaction  when  performed  in  rhythmic  series).  Previously  to  the  administration  of  both  solutions  (water  and  sucrose),  all
newborns showed  no  spontaneous  facial  hedonic  responses.  The  intake  of  both  solutions  induced  hedonic  reaction  expressions,  but
the sucrose  solution  evoked  higher  frequencies  of  hedonic  reaction  expressions  in  relation  to  intake  of  the  neutral  solution.
Photos representing  newborn’s  baseline  (pre-treatment),  during  solution  administration,  ﬁrst  (if  it  occurred)  and  last  protrusion
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lfter solution  administration  (in  minutes  and  seconds).
ample  size  estimation
artin  Bland  and  Doug  Altman,  authors  of  the  statistical
est  to  assess  agreement  between  evaluators  (concordance
nalysis  using  the  Bland--Altman  method),  state  that  for  an
dequate  accuracy  it  is  important  to  evaluate  100  individ-
als,  corresponding  to  a  95%  conﬁdence  interval  and  a 0.34
tandard  error  of  deviation.21
tatistical  methods
ymmetric  data  were  expressed  as  mean  and  standard
eviation  (SD)  and  asymmetric  data  were  expressed  as
edian  and  interquartile  ranges.  To  evaluate  the  agree-
ent  between  the  two  raters,  a  concordance  between
land--Altman  method  was  applied.  This  methodology  evalu-
tes  the  correlation  between  two  variables  (X  and  Y)  starting
rom  a  graphical  view  based  on  a  scatter  plot  of  the  differ-
nce  of  the  two  variables  (X  −  Y)  and  their  average  (X  +  Y/2).
n  this  chart,  it  is  possible  to  visualize  the  bias  (how  the  dif-
erences  derivate  from  zero),  the  error  (dispersion  of  the
oints  around  the  mean),  the  outliers,  and  possible  trends.21
n  order  to  complement  these  analyses,  an  intraclass  coef-
cient  (ICC)  was  also  estimated.  To  compare  the  frequency
f  hedonic  facial  expressions,  values  evoked  by  water  and
ucrose  solutions  were  analyzed  by  the  Wilcoxon  test.  All
ata  were  evaluated  using  Statistical  Package  for  Social  Sci-
nces  (SPSS,  Inc.  version  18.0,  IL,  USA),  version  18.0.  The
evel  of  signiﬁcance  was  set  at  5%  for  all  analyses.
esultshe  newborns’  average  life  was  15  h  12  min  ±  6  h  29  min
ours  and  minutes.  Among  the  100  newborns  evaluated,  49%
ere  male  and  51%  were  female.  Birth  weight  average  was
t
a
higure  2  Bland--Altman  dispersion  chart  representing  inter-
ater agreement  in  relation  to  neutral  solution  (water).  AUL,
greement  upper  limit;  ALL,  agreement  lower  limit.
274.9  ±  439.85  g,  with  39  ±  1  weeks  of  gestational  age.  The
ean  maternal  age  was  23  ±  6  years.
A  total  of  100  newborns  were  recorded  for  neutral
water)  and  sucrose  solution  intake,  generating  197  videos
n  = 3  missing  data  for  the  water  treatment).  Fig.  1  displays
our  newborns  sequences  for  neutral  (Fig.  1A)  and  sucrose
Fig.  1B)  solutions.
The  Bland--Altman  test  indicated  agreement  between
esearchers,  both  in  relation  to  the  water  solution  (Fig.  2)
nd  the  sucrose  solution  (Fig.  3).  Through  95%  agreement
imits,  it  was  observed  that  there  was  an  agreement  in  more
han  90%  of  the  data.
Previously  to  the  administration  of  both  solutions  (water
nd  sucrose),  all  newborns  showed  no  spontaneous  facial
edonic  responses.  Total  hedonic  responses  evoked  by
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Figure  3  Bland--Altman  dispersion  chart  representing  inter-
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Figure  4  Frequencies  of  hedonic  expressions  in  response  to
neutral  (water)  or  sucrose  solutions.  Hedonic  facial  frequencies
were increased  in  response  to  sucrose  solution,  compared  to  the
neutral  solution  (p  =  0.004).  The  box  represents  the  interquar-
tile (IQ)  range.  The  whiskers  are  lines  that  extend  from  the
upper and  lower  edge  of  the  box.  A  line  across  the  box  indi-
cates the  median.  Outliers  are  cases  with  values  between  1.5
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srater agreement  in  relation  to  sucrose  solution.  AUL,  agreement
upper limit;  ALL,  agreement  lower  limit.
neutral  solution  (water)  was  scored  0  for  both  researchers
(researcher  1:  median  =  0.0,  25th  percentile  =  0.0,  75th
percentile  =  48.5;  researcher  2:  median  =  0.0,  25th  per-
centile  =  0.0,  75th  percentile  =  48.5).  On  the  other  hand,
hedonic  responses  evoked  by  sucrose  solution  were  scored
17  and  16.0  for  both  researchers,  respectively  (researcher  1:
median  =  17.0,  25th  percentile  =  0.0,  75th  percentile  =  98.0;
researcher  2:  median  =  16.0,  25th  percentile  =  0.0,  75th
percentile  =  96.8).  The  intraclass  correlation  coefﬁcient
(ICC)  for  all  analyses  was  0.99  for  both  (p  ≤  0.001).
Comparing  hedonic  facial  frequency  values  between  neu-
tral  and  sucrose  solutions,  an  increase  in  hedonic  facial
expression  evoked  by  the  sucrose  solution  (p  =  0.004)  was
observed.  This  result  conﬁrms  that  this  methodology  dis-
plays  power  to  detect  differences  between  sucrose  and
neutral  stimuli  (Fig.  4).
Discussion
To  the  best  of  authors’  knowledge,  this  is  the  ﬁrst  Brazil-
ian  protocol  showing  an  assessment  method  description
for  newborns’  (up  to  24  h  of  life)  affective  facial  reac-
tions  through  sweet  taste  stimulus  involving  recorded  facial
expression  analysis.  This  study  represents  national  compar-
ative  research  (by  two  researchers  blinded  to  the  solutions
analyzed  --  water  and  sucrose)  using  a  detailed  method-
ology  for  the  qualiﬁcation  of  hedonic  facial  reactions.
This  study  provides  a  national  scientiﬁc  protocol  with  reli-
able  reproducibility,  considering  the  degree  of  statistical
agreement  between  the  two  researchers,  conﬁrmed  by  the
Bland--Altman  method.  It  was  observed  that  the  sweet  solu-
tion  evoked  hedonic  reactions  in  infants  and  that  facial
expression  is  an  important  measure  to  evaluate  possible
hedonic  responses.  The  statistical  inter-rater  agreement
conﬁrms  that  this  method  is  an  effective  protocol  for  mea-
suring  the  hedonic  impact  of  sweet  taste  in  newborns.Some  researchers  have  recorded  facial  expressions  from
photographs,  thus  analyzing  affective  reactions  of  infants
and  animals.8,12 With  available  technology,  researchers  were
able  to  videotape  facial  expressions  through  recordings,
t
t
r
wnd 3  times  the  IQ  range  (◦).  Extremes  are  cases  with  values
ore  than  3  times  the  IQ  range  (*).
hich  allowed  an  accurate  assessment  of  facial  expres-
ion  variables  (e.g., frequency,  duration),  such  as  hedonic
nd  aversive  reactions.  Furthermore,  this  method  allows  for
educing  the  video  speed  and  evaluating  parameters  frame-
y-frame.  It  is  also  possible  to  identify  the  hedonic  responses
o  taste  stimuli  in  rodents  and  primates.  Additionally,  Men-
ella  et  al.  described  that  fetuses  exhibit  hedonic  responses
hrough  facial  expressions  for  tastes,  even  before  birth.22
ome  authors  have  already  studied  children’s  response  to
ucrose  stimulus,  suggesting  that  an  early  experience  to
weetened  water  intake  could  maintain  a  preference  for
ucrose  solutions  later  in  life.6 These  expressions  induced
y  tastes  produce  feelings,  as  this  parameter  refers  only
o  taste  quality,  not  measuring  its  intensity.  Facial  expres-
ions  are  affective  reactions  for  a  speciﬁc  taste  hedonic
mpact/response,  reﬂecting  the  pleasure  feeling  of  a  par-
icular  taste.  Additionally,  it  is  not  possible  to  assess  the
ubstance  offered  only  by  its  sensory  quality.  A  salty  taste,
or  example,  could  extract  a positive  reaction  in  the  same
ay  that  a  sweet  taste  does.  On  the  other  hand,  a  sour,
itter,  or  very  salty  taste  could  extract  similar  negative  reac-
ions.  However,  a trained  researcher  could  assess  whether
 child  liked  a  taste  based  on  facial  expression,  consid-
ring  this  as  a  positive  (hedonic)  or  a  negative  (aversive)
eaction.17
In  2009,  Schwartz  et  al.  assessed  the  acceptance  of  tastes
nd  their  developmental  changes  over  the  ﬁrst  year,  com-
ared  to  acceptance  for  all  tastes  and  reactivity  to  the
verall  ﬂavor.23 The  acceptance  of  tastes  (sweet,  salty,  bit-
er,  sour,  and  umami)  was  evaluated  in  three  groups  (45
ubjects)  with  ages  of  3,  6,  and  12  months.  In  all  ages,
he  acceptance  during  the  ﬁrst  year  and  the  most  preferred
aste  was  conﬁrmed  by  the  sweet  and  salty  taste.  Facial
eactions  to  umami  were  neutral.  Sour  and  bitter  tastes
ere  the  least  accepted.  By  improving  the  knowledge  of
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he  acceptance  of  a  certain  taste,  a  better  understanding
f  feeding  behavior  in  childhood  is  provided,  which  could
eﬂect  the  eating  behavior  in  adulthood.
Focusing  on  the  study  of  facial  expressions,  studies  have
hown  that  some  taste  components  induces  similar  facial
eactions  among  all  primates,  such  as  ‘‘gapes’’  for  bit-
er  ﬂavors,  or  serial  and  rhythmic  tongue  protrusions  for
weets.1,17,18 Another  study  aimed  to  compare  the  facial
esponses  to  tastes  among  newborns  of  women  with  and
ithout  gestational  diabetes  mellitus.  The  tastes  were  eval-
ated  by  glucose,  sodium  chloride,  citric  acid,  and  quinine
ydrochloride  administrations;  0.2  mL  of  solution  over  the
orsal  surface  of  the  tongue.  In  this  study,  the  newborns
ad  their  faces  and  facial  responses  recorded  were  coded
ccording  to  the  Baby  FACS,  in  which  newborns  of  mothers
ith  gestational  diabetes  mellitus  seem  to  prefer  the  taste
f  salt.19
Although  the  preference  for  sweet  substances  exists  in
ewborns,  standard  experiences  with  sweet  foods  and  drinks
uring  development  could  be  modulated.  Besides,  few  stud-
es  have  investigated  the  direct  relationship  between  eating
weets  and  their  real  effect  on  the  appetite  for  sweet
astes  in  newborns.4--7 Studies  that  investigated  the  neu-
al  basis  for  sensory  pleasure  related  to  food  designated
ome  brain  sub-regions  as  ‘‘hedonic  hotspots,’’  which  are
ncephalic  areas  capable  of  amplifying  causally  positive
ffective  reactions  to  sweet  tastes  in  response  to  certain
eurobiological  and  neurochemical  stimuli  (e.g., orexin,
pioids,  palatable  foods,  and  sweet  tastes),  generating
‘liking’’  or  ‘‘pleasurable’’  feelings.9,24--26 These  hedonic
echanisms  are  at  least  partially  distinct  from  mesocor-
icolimbic  circuitry,  a  biological  pathway  that  generates
otivation  for  eating  and  the  ‘‘wanting’’  feeling.24,25 The
urrent  evidence  suggests  that  ‘‘hedonic  hotspots’’  exist
n  limbic  brain  structures,  being  capable  of  increasing  the
edonic  impact  of  natural  sensory  rewards,  like  palatable
nd  sweet  tastes.  In  this  sense,  these  access  points  are
ound  in  nucleus  accumbens  (particularly  its  medial  shell
rea),24,25 ventral  pallidum,26 and  parabrachial  nucleus.24
esides,  some  regions  could  amplify  the  sweet  hedonic
mpact,  expressing  increased  ‘‘liking/pleasure’’  reactions
or  the  taste  of  sucrose.26
As  reported  by  Kringelbach  and  Berridge,  eating  behavior
s  one  of  the  basic  life  pleasures,  which  could  be  modu-
ated  by  what  is  eaten  or  enjoyed  in  different  ways  (e.g.,
iking  and  disliking).27 These  personal  differences  are  linked
o  the  individual  learning  of  liking  and  disliking  a  speciﬁc
aste,  in  addition  to  an  innate  preference  predisposed  to  the
asic  tastes.  Some  extrinsic,  intrinsic,  and  individual  factors
ay  contribute  to  taste  preference,  as  they  are  associated
o  subjective  experiences  or  modulated  by  hunger/satiety
tates.28 This  subjective  taste  perception  is  produced  by  dif-
erent  signals  to  the  central  nervous  system  areas.29,30 Taken
ogether,  these  data  support  important  information  focus-
ng  on  the  representation  of  taste  preference  in  the  central
ervous  system.
Affective  reactivity  to  taste  as  a  tool  for  measuring
edonic  functions  by  test  could  be  applied  as  a  useful  and
bjective  tool  for  measurement  of  liking/pleasure  hedonic
eactions  in  response  to  palatable  food,  based  on  the
uantiﬁcation  of  different  taste-induced  orofacial  affective
eactions.1 PRESS
Ayres  C  et  al.
This  research  presents  some  limitations,  such  as  not  hav-
ng  added  in  the  sample  newborns  who  were  more  than  24  h
way  from  mothers  in  the  hospital  rooming.  Additionally,
nother  limitation  concerns  the  substances  studied.  As  men-
ioned  before,  other  substances  than  sucrose  (e.g., salty,
our,  or  bitter  tastes)  could  be  used  in  this  assessment.  How-
ver,  this  research’s  focus  was  on  facial  hedonic  reactions
voked  by  sucrose,  justifying  its  speciﬁc  use.  Thus,  despite
hese  limitations,  the  authors  can  highlight  some  important
eatures  of  this  research  protocol:  this  study  was  national
omparative  research  (by  two  researchers  blinded  to  the
ubstances  analyzed--water  and  sucrose)  using  a  detailed
ethodology  for  hedonic  facial  reaction  quantiﬁcation,
sing  an  adequate  newborn  sample  size.  Only  exclusively
reastfed  newborns  were  included  in  this  sample;  all  new-
orns  were  breastfed  previously  to  the  treatments.  This
esearch  provides  a  national  scientiﬁc  protocol  with  reliable
eproducibility  of  ﬁndings,  considering  the  degree  of  statis-
ical  agreement  between  the  two  researchers,  conﬁrmed  by
he  Bland--Altman  method.
Considering  the  results,  the  hedonic  facial  reactions  in
ewborns  reﬂect  the  hedonic  impact  for  this  speciﬁc  taste,
llowing  this  methodology  to  be  applied  in  early  life,  but
n  already  responsive  stages.  The  authors  speculate  that
edonic  responses  through  facial  expressions  are  related  to
he  feeling  of  pleasure  due  to  taste,  allowing  this  direct  rela-
ion  to  be  interpreted  as  a  greater  food  consumption  of  this
aste  type  later  in  life.  More  evidence  concerning  this  neu-
al  pleasure/reward  circuitry  relationship  is  necessary,  since
t  is  capable  of  modifying  food  intake  by  ‘‘liking/pleasure’’
esponses  to  foods  or  tastes,  without  considering  the  nutri-
ional  balance  or  nutritional  needs.  As  reward  pathways  are
nvolved,  other  pleasurable  stimuli  may  replace  the  spe-
iﬁc  consumption  of  palatable  foods  that  acts  through  these
outes.
unding
upported  by  the  Conselho  Nacional  de  Desenvolvimento
ientíﬁco  e  Tecnológico  (CNPq),  Brazil.
onﬂicts of  interest
he  authors  declare  no  conﬂicts  of  interest.
eferences
1. Steiner JE, Glaser D, Hawilo ME, Berridge KC. Comparative
expression of hedonic impact: affective reactions to taste by
human infants and other primates. Neurosci Biobehav Rev.
2001;25:53--74.
2. Mennella JA. Flavour programming during breast-feeding. Adv
Exp Med Biol. 2009;639:113--20.
3. Mennella JA, Pepino MY, Reed DR. Genetic and environmen-
tal determinants of bitter perception and sweet preferences.
Pediatrics. 2005;115:e216--22.
4. Mennella JA, Grifﬁn CE, Beauchamp GK. Flavor programming
during infancy. Pediatrics. 2004;113:840--5.5. Mennella JA, Jagnow CP, Beauchamp GK. Prenatal and postnatal
ﬂavor learning by human infants. Pediatrics. 2001;107:E88.
6. Beauchamp GK, Moran M. Dietary experience and sweet taste
preference in human infants. Appetite. 1982;3:139--52.
 IN+Model
1
2
2
2
2
2
2
2
2
2ARTICLE
Newborn  facial  hedonic  methodology  assessment  
7. Beauchamp GK, Mennella JA. Early ﬂavor learning and its
impact on later feeding behavior. J Pediatr Gastroenterol Nutr.
2009;48:S25--30.
8. Steiner JE. The gustofacial response: observation on normal
and anencephalic newborn infants. Symp Oral Sens Percept.
1973:254--78.
9. Pecin˜a S, Smith KS, Berridge KC. Hedonic hot spots in the brain.
Neuroscientist. 2006;12:500--11.
10. Volkow ND, Fowler JS. Addiction, a disease of compulsion and
drive: involvement of the orbitofrontal cortex. Cereb Cortex.
2000;10:318--25.
11. Stice E, Yokum S, Bohon C, Marti N, Smolen A. Reward cir-
cuitry responsivity to food predicts future increases in body
mass: moderating effects of DRD2 and DRD4. Neuroimage.
2010;50:1618--25.
12. Steiner JE. Discussion paper: innate, discriminative human
facial expressions to taste and smell stimulation. Ann N Y Acad
Sci. 1974;237:229--33.
13. Crook CK, Lipsitt LP. Neonatal nutritive sucking: effects of taste
stimulation upon sucking rhythm and heart rate. Child Dev.
1976;47:518--22.
14. Ganchrow JR, Steiner JE, Daher M. Neonatal facial expressions
in response to different qualities and intensities of gustatory
stimulation in response to different qualities and intensities of
gustatory stimuli. Infant Behav Dev. 1983;6:473--84.
15. Rosenstein D, Oster H. Differential facial responses to four basic
tastes in newborns. Child Dev. 1988;59:1555--68.
16. Porges SW, Lipsitt LP. Neonatal responsivity to gustatory stim-
ulation: the gustatory-vagal hypothesis. Infant Behav Dev.
1993;16:487--94.
17. Berridge KC. Measuring hedonic impact in animals and infants:
microstructure of affective taste reactivity patterns. Neurosci
Biobehav Rev. 2000;24:173--98.
18. Smith KS, Berridge KC. Opioid limbic circuit for reward: inter-
action between hedonic hotspots of nucleus accumbens and
ventral pallidum. J Neurosci. 2007;27:1594--605.
2
3 PRESS
7
9. Zacche Sa A, Silva JR, Alves JG. Facial responses to basic tastes
in the newborns of women with gestational diabetes mellitus.
J Matern Fetal Neonatal Med. 2015;28:1687--90.
0. Ayres C, Agranonik M, Portella AK, Filion F, Johnston CC, Silveira
PP. Intrauterine growth restriction and the fetal programming
of the hedonic response to sweet taste in newborn infants. Int
J Pediatr. 2012;2012:6573--9.
1. Bland JM, Altman DG. Agreed statistics: measurement method
comparison. Anesthesiology. 2012;116:182--5.
2. Mennella JA, Johnson A, Beauchamp GK. Garlic ingestion by
pregnant women alters the odor of amniotic ﬂuid. Chem Senses.
1995;20:207--9.
3. Schwartz C, Issanchou S, Nicklaus S. Developmental changes in
the acceptance of the ﬁve basic tastes in the ﬁrst year of life.
Br J Nutr. 2009;102:1375--85.
4. Castro DC, Berridge KC. Advances in the neurobiological
bases for food ‘liking’ versus ‘wanting’. Physiol Behav.
2014;136:22--30.
5. Castro DC, Berridge KC. Opioid hedonic hotspot in nucleus
accumbens shell: mu, delta, and kappa maps for enhance-
ment of sweetness ‘‘liking’’ and ‘‘wanting’’. J Neurosci.
2014;34:4239--50.
6. Ho CY, Berridge KC. An orexin hotspot in ventral pallidum ampli-
ﬁes hedonic ‘liking’ for sweetness. Neuropsychopharmacology.
2013;38:1655--64.
7. Leonard BE. Pleasures of the Brain Edited by Morten L. Kringel-
bach, Kent C. Berridge, Oxford University Press, Oxford. pp
343, ISBN: 978-0-533102-8. Hum Psychopharmacol Clin Exp.
2010;25:429.
8. Small DM, Zatorre RJ, Dagher A, Evans AC, Jones-Gotman M.
Changes in brain activity related to eating chocolate: from plea-
sure to aversion. Brain. 2001;124:1720--33.9. Kringelbach ML. The human orbitofrontal cortex: linking reward
to hedonic experience. Nat Rev Neurosci. 2005;6:691--702.
0. Small DM. Flavor is in the brain. Physiol Behav. 2012;107:
540--52.
